Objective and importance A rare cause of intracranial hypotension is leakage of cerebrospinal fluid (CSF) through a dural breach from degenerative cervical spine pathology. To our knowledge there have been only four cases described in the English literature. Treatment is challenging and varies from case to case, with complete symptom resolution reported for only one patient. Herein we review the literature and describe our surgical management of a 46-year-old woman with symptomatic intracranial hypotension from the penetration of the cervical thecal sac.
Introduction
The syndrome of spontaneous intracranial hypotension (SIH) is associated with a decrease in cerebrospinal fluid (CSF) volume from a leakage of CSF into the epidural spinal space [1] . Patients typically present with orthostatic headaches and magnetic resonance findings of pachymeningeal thickening and gadolinium enhancement, subdural fluid collections and downward displacement of the brainstem and cerebellar tonsils [2] [3] [4] . Computed tomography (CT) spinal myelogram, spinal magnetic resonance imaging (MRI) and radionuclide cisternography can be used to localize the site of CSF leak [5] . Most often a primary structural weakness of the spinal meninges is implicated as the cause when onset is spontaneous [6] . A far less common etiology is a dural breach associated with degenerative spinal pathology such as intervertebral disc herniation or osteophytic spurs [7] [8] [9] [10] [11] [12] [13] .
Due to the rarity of this condition, an optimal approach to management has not been established. Surgical repair of the dural leak can be performed if symptoms are refractory to an autologous epidural blood patch. The goal of the surgery is to resect the underlying osseous pathology penetrating the dura and repair the defect. If the cervical spine is involved, surgical treatment may be approached by anterior cervical discectomy (ACD) and osteophytectomy at the affected level followed by primary closure of the dural defect [7, 14] . However, the extent of dural exposure afforded by an ACD is limited and the defect may either not lie within the field of view or may not be amenable to primary closure given the limited working space. A cervical corpectomy improves exposure but carries a higher morbidity including early hardware failure and pseudoarthrosis [15] . The procedure may also have a higher theoretical risk of complications of CSF leakage such as pseudomeningocele and cutaneous CSF fistulas. For cases where ACD does not provide the exposure required for primary closure of the dural breach we report a novel, successful and less invasive option of localized surgical blood patch and reinforcement of the dural defect with a collagen dura substituted membrane inserted through the discectomy space.
Case report

History and clinical presentation
A 46-year-old woman of Turkish descent was transferred to our institution from a community hospital with a 3-month history of progressively worsening orthostatic headaches, more recently associated with severe bouts of nausea and vomiting which had left her bedridden. She had no past medical history of relevance and specifically no history of trauma or lumbar punctures. She did recall that the symptoms seemed to be subsequent to a severe sudden headache she experienced upon returning to a standing position after bending over to tie her shoe. MRI of the brain from the outside institution demonstrated bilateral subdural hematomas (Fig. 1a, b) as well as mild uncal herniations, a transtentorial descending herniation and gadolinium enhancement of the pachymeninges (Fig. 1c) . These findings were consistent with spontaneous intracranial hypotension. Prior to transfer, the patient had been hospitalized for over a month. Multimodal analgesic medications did not aid in the relief of the orthostatic headaches and neither did the application of three separate autologous lumbar epidural blood patches performed over the course of the admission. Given the refractory nature of the condition the patient was transferred to our institution for further workup and surgical consideration.
Upon transfer, the patient was lethargic but examination revealed no focal neurologic deficits. She was admitted to the neurosurgery ward under strict bed rest with frequent neurological examinations. A CT myelogram of the spinal axis demonstrated widespread spondylosis and scoliosis with an extensive anterior epidural CSF fluid collection commencing at the C4-5 level caudal to a calcified intervertebral disc protrusion with corresponding posterior osteophyte formation (Fig. 2) . Although a definite dural tear could not be identified, the collection extended to the T10 level with a progressive decrease in contrast in the cranial to caudal direction. The spinal myelogram was repeated utilizing digital subtraction to help localize the level of the dural tear but the precise location could not be identified. MRI of the cervical spine, including a sagittal plane short inversion time inversion recovery (STIR) sequence was also inconclusive regarding precise location but the disc-osteophyte complex at C4-5 was considered the most likely the cause of CSF leakage. The patient remained neurologically stable in our neurosurgery ward for 1 week while this radiographic work-up was undertaken; however there was no improvement in her symptoms. She was not deemed a suitable candidate by the anesthesia service for an additional lumbar blood patch and another approach to treatment had to be considered.
Management decision making
Given the refractory nature of the patient's headaches to conservative treatment and repeated autologous lumbar blood patches, the following three options were entertained to stop CSF egression into the epidural space.
Image guided C4-5 percutaneous epidural blood patch CT guided epidural blood patch administered at the site of a cervical spine CSF leakage has been previously reported to be successful for relief of the symptoms of SIH from primary dural weakness [16] [17] [18] . This approach is certainly less invasive than the surgical alternatives; however, there are also serious complications associated with an epidural blood patch including radicular pain, pneumocephalus, cranial never paralysis, seizures and arachnoiditis [19] [20] [21] . In addition, the degenerative spinal pathology responsible for the dural breach in our case would remain in situ.
Posterior surgical approach
A posterior approach through a hemi or bilateral laminectomy to slide a dural substitute around the thecal sac to cover the anterior dural defect was considered as another alternative. However, with a midline anterior pathology and short craniocaudal distance between cervical nerve roots, the working distance to slide the dural substitute would be limited and so too would be the ability to manipulate the thecal sac. As with the image guided epidural blood patch, the degenerative spinal pathology remains and progression of the degeneration and a recurrent breach is possible.
Anterior surgical approach
ACD for direct surgical repair has been reported previously [7, 14] . The advantages of this approach are the definitive resection of the underlying pathology causing the leak as well as direct exposure of the dural defect for repair. The utility of this approach may however be limited by the small operating field and the possibility of not visualizing the defect. Greater exposure can be achieved through a cervical corpectomy, but this approach is more invasive and requires a larger segment fusion [7] . As well as, there may be an increased risk of enlarging the dural defect and creating an anterior pseudomeningocele or cutaneous CSF fistula.
After consideration we elected to perform an ACD to resect the C4-5 disc-osteophyte complex penetrating the dura and overlie the anterior thecal sac with a dural substitute to cover the defect. This approach was deemed to have an acceptably low associated morbidity with the highest likelihood of success given direct approach to the anterior breach as well as definitive treatment of the degenerative spinal pathology.
Operative procedure Surgical exposure was performed through an anterior C4-5 discectomy and resection of the posterior osteophyte. Upon initial incision through the posterior longitudinal ligament (PLL), there was immediate high volume egression of a mix of CSF and blood. Upon achieving hemostasis the CSF egression concomitantly ceased. The PLL was then completely resected to visualize the suspected dural tear. However, the underlying dura appeared intact given the limited view. A corpectomy to increase exposure to allow for primary closure of the suspected dural tear was deemed too invasive and potentially non-conclusive especially considering that CSF egression had ceased. It was felt that the intraoperative blood collection had formed a local blood patch, stopping CSF egression. A DuraMatrix Ó collagen dura substituted membrane was inserted through the space created by the C4-5 discectomy and the edges were tucked under the endplates of the C4 and C5 vertebral bodies. After placement of the membrane, Tisseal Ó was used for reinforcement. A Solis Ó cervical cage by Stryker Corporation packed with autologous bone from the iliac crest was placed in the intervertebral space.
Postoperative course
The patient had a remarkable postoperative resolution of her symptoms. Consideration was given to strict postoperative bed rest to provide additional time for healing of the CSF leak, but after considering the resolution of her symptoms and the risk of thromboembolic complications associated with the surgery and prior prolonged bed rest we chose to allow the patient to ambulate the day after surgery. She was asymptomatic with ambulation on postoperative day 1 and at 2-month postoperative follow-up she remained asymptomatic with CT imaging demonstrating complete resolution of her bilateral subdural hematomas (Fig. 1d) .
Discussion
A leak through a dural piercing from a cervical intervertebral disc herniation or osteophytic spur is a rare cause of SIH and to our knowledge there have been only four cases previously described in the literature [7, 14] (Table 1) . In all of the cases, imaging by CT myelography demonstrated anterior epidural CSF collections originating from an anterior dural piercing at a cervical level. There was no consistent approach to treatment. A reduction in subjective symptoms was obtained by the non-surgical means in one of the patients, while the other three patients underwent an ACD and osteophytectomy at the pathologic level. Single-level discectomy provided adequate exposure for primary closure of the dural defect in two of the surgical cases and was reported successful in achieving complete symptom resolution in one. In the other surgical case an attempt to expose the margins of the dural tear extending beyond the discectomy space resulted in an enlargement of the dural defect. In spite of a 2-level corpectomy, the patient remained severely debilitated by orthostatic headaches at 32 month follow-up.
The low number of reported cases of this uncommon etiology of SIH leaves a paucity of information regarding the optimal management approach. Many cases of SIH from primary dural weakness will resolve spontaneously, without specific therapy and a general conservative approach such as bed rest, oral hydration and caffeine intake may be undertaken [2] . The mainstay of specific therapy is autologous lumbar epidural blood patch, which may be repeated several times [6, 22] . Consideration may also be given to localized epidural blood patches targeting the presumed leakage site [16-18, 23, 24] . The efficacy of these approaches for SIH secondary to dural piercing from degenerative spinal pathology is unknown but it has been suggested that the ventral location of the dural tear may limit the effectiveness of an epidural blood patch and removal of the causative lesion and direct dural repair may be necessary [25] . In our case, conservative measures along with three attempts at lumbar blood patches did not provide relief of the orthostatic headaches. The location of the breach as well as the physical penetration from the encroachment of the degenerative pathology on the thecal sac presumably contributed to the persistent symptoms. It was felt that definitive resection of the causative pathology would provide the highest likelihood of success.
The cessation of CSF egression after exposure of the dura mater was an unexpected, yet serendipitous outcome. The complete postoperative resolution of the patient's symptoms lead us to speculate that the coalescence of the intraoperative bleeding directly adjacent to the dural breach likely resulted in a localized epidural blood patch. This result suggests that in certain cases of SIH caused by CSF leakage from dural penetration secondary to cervical spine degeneration, removal of the causative pathology and application of a local blood patch under surgical exposure may be adequate for treatment. Full exposure of the dural breach and primary repair may not be unnecessary.
Conclusions
In neurologically debilitated patients with SIH associated with degenerative cervical spine pathology refractory to epidural blood patch therapy, operative treatment may be considered. Removal of the causative pathology and application of a surgical blood patch reinforced with a dural substitute membrane through an anterior single-level discectomy may be a successful treatment option if primary repair of the dural defect is not feasible given the exposure provided by the discectomy. This procedure avoids the more invasive corpectomy to increase exposure for direct repair of the defect. 
